Morphological relationships among sympatric animal species have often been seen as indirect evidence for competition. Many early ecomorphological studies revealed patterns that were taken as indicating character displacement and character release, driven by competition or lack thereof. These patterns may result from a coevolutionary morphological response or from species sorting according to size. Thus, the relationship between morphology and competition may be crucial for understanding both the morphological evolution of animals and the role of competition in structuring communities. Some earlier research perceived as indicating morphological relationships conditioned by interaction of species was conducted on mammals, particularly carnivores. Subsequent criticism in the ecological literature demonstrated that many of the perceived patterns could not be statistically confirmed, thus calling into question this line of evidence for competition. More recent ecological literature relies on strong statistical analyses and careful consideration both of guild composition and of which morphological traits should be examined. This literature, resting largely on mammals, includes several cases that suggest a coevolutionary morphological response to interspecific competition. These studies have focused on the trophic apparatus directly related to food procurement by mammals -the teeth. Island mammals often show striking morphological patterns, some of which have been interpreted as resulting from release from competition with mainland species that have not reached islands. However, few of these patterns were critically evaluated to demonstrate their support for the hypothesis of character release. Despite several decades of interest and research, many questions regarding competitively induced morphological patterns remain unresolved and require further research. Mammals are especially promising subjects for such research.
wing length for a bird species against longitude and visually compared the regression lines for regions where the bird was sympatric with a congener to those from areas without the congener. He perceived clinal variation to be identical in the two regions, although he performed no statistical test of this proposition. Strong et al. (1979) introduced statistical tests of null models in the study of size ratios of several island avifaunas. For an island community with n species, the species were size-ranked, and the n-1 size ratios between species adjacent in the size-ranking were computed. Then, random sets of n species were repeatedly drawn from the presumed source pools (e.g. adjacent mainland Mexico for the Tres Marias Islands) and the same n-1 size ratios were computed for these simulated communities. In this way, expected size ratios were determined (e.g. the expected size ratio between the largest and second largest species, or between the second and third largest, etc.) and compared with the observations. The general result was that observed size ratios were not greater than one would have expected if the species populating each island were randomly and independently chosen.
The major blow to these theories, however, was delivered by Simberloff & Boecklen (1981) . They statistically tested Hutchinsonian ratios and apparent size ratio equality among potential competitors by analysing published data sets and came up with striking results: it appeared that in the great majority of studies the size ratios were no different from those expected under the hypothesis of independence between the mean sizes. They found no basis for the concept of Hutchinsonian ratios. Thus there appeared to be no morphological phenomena to discuss, let alone to relate to ecological and evolutionary theories. Simberloff & Boecklen (1981) also pointed to some other problems with studies of these morphological phenomena: often the choice of species to be studied was not well justified, the morphological characters studied were often different, and their choice was neither justified nor rationalized. A further problem inherent in most research has been the tendency to publish only results that support the central hypotheses studied (Simberloff & Boecklen, 1981) .
The concept of Hutchinsonian ratios appears to have suffered a death blow. In the last 6 years of Biological Abstracts, only four studies even mention the concept; one of them misuses it (Joly & Giacoma, 1992; Pianka, 1994; Morri & Bianchi, 1995; Martin, 1996) . However, morphological patterns of size ratio equality or overdispersion of the means remain a matter of frequent study and debate.
Two main lines of research are apparent in the past decade: one is the formation of alternative statistical tools to test the hypothesis of overdispersion, that size ratios differ more than would be expected by chance. The other line deals with the actual morphological evidence, and it is in this vein that mammalian research has played a central role.
STATISTICAL TESTING
Most of the literature on size relationships among coexisting species uses size ratios. Ranta, Alurila & Elmberg (1994) , following Leutenegger & Cheverud (1982) , argue that, at least for comparing degree of sexual dimorphism among several species, analysis of ratios is laden with so many statistical problems that it should be replaced by analysis of the residuals of a type II regression. However, regression in this context has its own limitations, particularly the form of the equation itself and the difficulty, because of phylogenetic relationships among species, of determining the degrees of freedom for assessment of statistical significance. In any event, in spite of wide knowledge in many areas of ecological and evolutionary studies that statistical treatment of ratios requires cautious interpretation, in a survey of recent papers on sexual dimorphism (Ranta et al., 1994) 78% used ratios. Thus, for better or worse, studies of size relationships within communities do depict the differences as ratios, and statistical methods must allow at least approximate tests of significance.
Tests are needed for two sorts of ratio data. First is Hutchinson's original claim that, among a set of pairs of related species, the minimum possible size ratio compatible with coexistence for any pair is some specified number (1.3 in Hutchinson's case). Of course, the claim is falsified if any observed ratio is less than the putative minimum. But suppose the ratios for all pairs exceed the putative minimum? Would this imply that the putative minimum is really the minimum size ratio possible?
Perhaps not. Especially if one examined few pairs of species, it would not be too surprising, even if sizes of the members of each pair were in fact independent of one another, to observe that no pair produced a very small ratio. Consider the case where the sizes of eight pairs of species were each independently and uniform-randomly chosen between, say, 1.0 and 2.0. For each of the pairs, the ratio of the larger to the smaller is calculated. By a slight development of an equation published by Pielou & Arnason (1966) , it can easily be shown that there is a greater than 0.05 probability that all eight size ratios will exceed 1.3. This same approach can be used to determine when it is surprising that all ratios exceed some value, but if the specific value is 1.3, the entire test is ad hoc, as Hutchinson himself looked at only 13 pairs of species (including two mammal pairs). The only properly framed question for a set of data of this sort is whether the observed minimum itself is surprisingly large, and the Pielou-Arnason test answers this question. Simberloff & Boecklen (1981) asked a slightly different question: in a sequence of three or more size-ranked species, is the observed minimum ratio between species adjacent in the size-ranking larger than expected (Irwin, 1955) , as might be predicted if there were enough species in the set and character displacement were operating.
In the same sort of data set -three or more size-ranked species -the second distinct question raised above is whether the size ratios of the species adjacent in the size-ranking tend to be more equal than if the sizes were independently chosen between some minimum and maximum possible sizes. On a log-scale, because the logarithm of a ratio of two numbers equals the difference between their logarithms, a set of equidistant points would represent a set of equal ratios. Whether a set of points is randomly distributed is a question that arises in many different contexts in biology (for example, are mass extinctions periodic?), and several tests have been proposed. Roth (1981) devised a method using circular statistics to test whether all size ratios in a sequence tend to equal 1.3, the ratio proposed by Hutchinson for pairs of species. Sinclair, Mosimann, & Meeter (1985) point out that this test is ad hoc unless a number such as 1.3 is specified; as observed above, Hutchinson looked at very few pairs, only trophic traits, and no larger groups of species. Further, among his 13 ratios, several are from the same pairs of species but at different sites. So there is little reason to ask specifically if all the ratios equal 1.3. The test used most often in studies of character displacement for sequences of species was proposed by Barton & David (1956) and advocated by Simberloff & Boecklen (1981) . Here one tabulates all the ratios for sequential pairs of species in the size ranking, then ranks these ratios and constructs ratios of specific pairs of the size ratios. Barton & David (1956) calculated the probability distribution for any of these ratios of ratios, and the ones used most often in assessments of size ratios entail various combinations with the smallest and largest ratios of ratios.
Because a line segment is log-scaled in the Barton-David, Irwin, and Pielou-Arnason tests, the null hypothesis for these tests is whether the species' sizes are independently and randomly drawn from a log-uniform distribution, while some ecological literature suggests a log-normal distribution of sizes. However, Boecklen & NeSmith (1985) demonstrated that the nominal probabilities at least for the Barton-David and Irwin tests are approximately correct for sizes drawn from a log-normal distribution.
Various alternative tests to the Barton-David test have been proposed to determine if the ratios for a set of size-ranked species tend to be equal (e.g. Hopf & Brown, 1986; Pleasants, 1990) . A persistent but inconclusive debate has focused on which is the most powerful (Arita, 1993) . Pleasants (1994) advocates using the variance of the size ratios (Poole & Rathcke, 1979) rather than the Barton-David test, but the particular deviations from random, independent dispersion that he chose to test are but a small sample of those that might be of interest.
A criticism of this entire approach is that any of these tests, including the Barton-David and the variance test, takes the largest and smallest observed sizes as the largest and smallest possible, then considers the expected dispersion of points randomly strewn between these two values (Tonkyn & Cole, 1986) . If there were independent grounds for estimating the maximum and minimum possible sizes (for example, physiological or structural constraints), these would be preferable as endpoints of the size line. However, such grounds are rarely available, and it is unlikely that using the observed maximum and minimum sizes to estimate the real ones would be greatly misleading if there are not too few species (say, at least five), although the probability levels are then approximate. When there are few species in the set, the use of these observations as estimates is more troublesome, and the results must be considered with caution.
All the above tests take the size of each species to be the mean for all individuals and ignore within-species variance. If this variance is large, our interpretation of large minimum ratios or of equal ratios might be changed. If, for example, the mean sizes of a set of species yielded equal size ratios, but there was tremendous overlap of the entire size distributions of individuals of species adjacent in the size-ranking, an interpretation of competitive displacement might be suspect. MacNally, 1988) offered a non-linear regression method that uses either the raw size data, or standard deviations as well as means, in the assessment of ratio equality. However, he also found heteroscedasticity in many of the data from the literature to which he applied his test, leading to low statistical power and difficulties of interpretation.
Finally, Schoener (1984) argued that an interpretation of character displacement based on tests for ratio equality in sequences of three or more species, rather than large minimum ratios, is illogical. He reasoned that three species of very similar size could produce very equal size ratios, but small ones, whereas three very dissimilar species could produce highly unequal ratios, all of which are large. In his view, the latter situation would be more indicative of the operation of competition in structuring the sizes of community members. He may well be correct, although one would want to test a clear null hypothesis, and it is noteworthy that dozens of studies (e.g. lists in Simberloff & Boecklen, 1981) have specifically tested whether ratios are equal, rather than whether they are large, or whether they are equal and large; hence the substantial statistical literature on this matter.
MORPHOLOGICAL PATTERNS AMONG MAMMALS -NEW EVIDENCE Mammalian guilds
Community-wide character displacement is studied within the framework of ecological guilds, as defined by Root (1967) : groups of species that use the same class of resources in a similar way. Members of a guild are assumed to be potential competitors. Guild assignment can dramatically influence the outcome of morphological analyses of size ratios (Simberloff & Boecklen, 1981) , so the way species are divided into guilds is crucial to the study of morphological relationships and should be carefully scrutinized.
The guild concept was attractive to ecologists and became very popular (reviewed by Simberloff & Dayan, 1991) . However, researchers defined guilds differently. In particular, the importance of using resources in a similar way, as suggested by Root (1967) , was variously emphasized by different researchers, to the extent that some researchers attached no importance to it and felt that mere use of the same resource was enough to place different species in the same guild (Hawkins & MacMahon, 1989) . Thus many authors use the term quite loosely to include animal species widely believed to have the same general dietary requirements, such as the 'ecological guild of insectivores', comprising small mammals generally considered to be insectivores (Cotgreave & Stockley, 1994) . Others, however, find that Root's (1967) emphasis on the way resources are used is appropriate because species that use resources in a similar way are likely to overlap more strongly in actual resource use (Simberloff & Dayan, 1991) . So, while Root's original definition of guilds was very precise, others adapted the term to their own needs, with a wide divergence of meanings (Simberloff & Dayan, 1991) . Mammalian guilds are no exception to this rule. Here we present some examples from studies of carnivore, rodent, and bat guilds.
Several researchers in recent years have defined carnivore guilds very differently. While earlier studies of carnivores (e.g. McNab, 1971; Fuentes & Jaksic, 1979) dealt with congeneric species, assuming that closely related species are the most likely to compete with one another, later studies adopted the guild concept and included all sympatric species involved in a potentially competitive interaction, regardless of their taxonomic relationships.
The inclusive view was taken by Jaksic, Greene & Yanez (1981) , Jaksic & Delibes (1987) , Jaksic, Feinsinger & Jimenez (1993) and Marti et al. (1993b) , who viewed the mammalian carnivores in their studies as part of a general predatory guild also including owls, raptors and snakes. These authors clearly attached little significance to the question of how prey were taken. Moreover, Marti, Koprimaki & Jaksic (1993a) view guilds as dynamic entities: 'through time, guilds may form, dissolve, or gain or lose members depending upon the presence, absence, and density of both the predators and prey'. This scenario may reduce the opportunities for coevolution, although, if a core group of species remains present continuously, while the remaining 'satellite' species are quite ephemeral, competitive character displacement may still evolve and leave a morphological imprint (Hanski, 1982) . Van Valkenburgh (1985) used a narrower definition, including only extant and extinct mam malian predators. In her guild of large land predators, she included the non-aquatic, non-volant mammal species within a community that take prey and potentially compete for food. Because this was a palaeontological study, Van Valkenburgh's (1985) guilds included members of carnivorous mammalian orders other than the Carnivora. She limited guild membership to species above jackal size (7 kg), because she expected increased competition among large predators and also because these are better represented in the fossil record (Van Valkenburgh, 1985 .
Another palaeontological study took a different approach: Viranta & Andrews (1995) studied a middle Miocene carnivore fauna and divided it into four guilds based on their 'function', as reconstructed by the shape of the lower carnassial teeth (hypercarnivores, including bone crushers; maincarnivores, which also may include bone crushers; omnivores; and invertebrativores, including insectivores).
A restricted view of guilds was taken by Dayan et al. (1989a Dayan et al. ( ,b, 1990 Dayan et al. ( , 1992 , who studied mammalian carnivores, emphasizing the significance of taking resources in a similar way. They defined the guilds on the basis of limb morphology, which reflects locomotor behaviour and thus affects foraging and killing methods. Thus Dayan et al. (1989a Dayan et al. ( ,b, 1990 Dayan et al. ( , 1992 divided Israeli carnivores into three separate guilds, whereas by Van Valkenburgh's criteria at least the larger species would all have been in only one guild, and others (see above) would have considered them all to be just part of a larger guild.
Definitions of guilds of desert seed-eating rodents have suffered from the same ambiguity (Simberloff & Dayan, 1991) . In the deserts of the south-west of North America are found specialized seed-eating species of the family Heteromyidae, as well as more generalized species of the family Cricetidae. Among the heteromyid rodents are bipedal kangaroo rats, bipedal kangaroo mice, and quadrupedal pocket mice. The cricetids are all quadrupedal and are somewhat granivorous, though it is not clear to what extent. Brown (1973 Brown ( , 1975 Brown ( , 1987 and Davidson et al. (1980) placed all heteromyids plus some cricetids in a single guild. Schoener (1986) suggested that the real guild of seed eaters should also include some bird and ant species, and that narrowing the guild down to rodents merits a different term, 'simila-guilds. ' Bowers & Brown (1982) used the trophic classification of Morton (1979) and placed Dipodomys microps in a separate herbivore guild, the other heteromyids in a granivore guild, and the cricetids in an omnivore guild. Hallett (1982) assigned the cricetids and pocket mice to one guild and kangaroo rats to another. Dayan & Simberloff (1994a) separated the cricetids from the heteromyid guilds based on their different physiology, morphology and behaviour and divided the heteromyids into two separate guilds based on their limb morphology, which reflects and affects their foraging methods. The differences in foraging mode between bipedal and quadrupedal heteromyids have been intensively studied (reviewed by Simberloff & Dayan, 1991; Dayan & Simberloff, 1994a) , and they appeared great enough to justify separating them into two guilds. They placed D. microps in the bipedal heteromyid guild because it is partly granivorous, and because in its limb morphology it resembles the rest of this guild (Dayan & Simberloff, 1994a) . Brown & Heske (1990) also called the kangaroo rats a separate guild, on the grounds that they are ecologically and taxonomically similar to one another and different from the other heteromyids. Fox & Brown (1993) , in a study of assembly rules, have bipedal heteromyids, quadrupedal heteromyids, and quadrupedal non-heteromyids as three separate functional groups. They classified D. microps as a folivore and excluded it from their analysis. The underlying hypothesis in their study is that competition between species within functional groups will be greater than competition between species that belong to different functional groups. In this respect their functional groups are analogous to guilds. The same division was kept by Stone, Dayan & Simberloff (1996) and Simberloff, Stone & Dayan (1998) , who reanalysed the same data. Lomolino (1993) , on the other hand, defined four guilds of granivorous desert rodents: kangaroo-rats, kangaroo-mice, pocket mice and cricetids.
Researchers have also dealt with bat guilds in different ways. McKenzie & Start (1989) studied a bat fauna in Australia, sampling what they termed the 'insect foraging guild'. They then proceeded to subdivide that guild on the basis of ecomorphological indices. Likewise, Willig, Camilo & Noble (1993) studied frugivorous and insectivorous bat guilds from northeastern Brazil and subdivided these guilds into groups based on dietary differences. A different approach was taken by Yom-Tov (1993) , who studied morphological relationships among the insectivorous bats of the Dead Sea area. He divided them into three guilds based on their wing and ear morphology and noted that these morphological assignations were supported by information on the diet and foraging habits (Yom-Tov, 1993) .
It thus appears that the very same or similar faunas have been divided into guilds using different criteria. One striking pattern is that, while some studies strictly adhere to Root's (1967) guild definition using the way resources are taken as a criterion, others use this criterion for intraguild divisions, and yet others simply ignore it. Simberloff & Dayan (1991) listed two conditions that must be met for the guild concept to be useful. 1 A clear statement of the criteria and considerations that led to a particular guild assignment, to enable other investigators to consider the validity of this designation. Authors should emphasize the role of foraging method because of its potential importance in effecting differences in resource use. 2 Sympatric related biota should always be listed along with an explanation for why they were excluded from the designated guild, where the grounds for this exclusion are not self-evident and consist of intuition or simple taxonomy.
We can only reiterate these cautions.
Choice of morphological characters determines pattern
Following the paper by Simberloff & Boecklen (1981) , more critical research began to appear in the mammalian ecological literature. One of the first points to be addressed was the choice of characters. As noted previously, while Hutchinson (1959) suggested that size differences ought to evolve or be maintained in the trophic apparatus and even suggested bills of birds, for mammals he suggested that the length of the skull was a suitable character, and many later studies followed this choice of character, or else used head and body length. However, skull size and shape may be affected by different selective pressures and phylogenetic constraints. Skulls house the brain and sense organs, and even their role in food procurement and processing subjects them to different and sometimes conflicting selective pressures (Henken & Hall, 1993) . Moreover, as previously noted, various researchers have chosen different characters with differing results (Simberloff & Boecklen, 1981) . Growing concern about this issue has triggered new publications (Table 1 ) more strongly orientated towards the study of the precise trophic apparatus of mammals. This research has centred on carnivores. Ralls & Harvey (1985) , studying North American weasels, examined several characters that they considered directly related to feeding but found such high correlations between these and condylobasal skull length that they restricted their analyses to the latter. Holmes (1987) , too, chose several characters related to feeding ecology in his studies of North American mustelids but did not find different patterns in these than in non-trophic traits. Neither of these studies detected character displacement. Kiltie (1984 Kiltie ( , 1988 ) studied morphological relationships among members of tropical cat assemblages using various traits, including those that he perceived as related to feeding ecology (relative maximum bite force and relative maximum gape), and detected some patterns, most strongly in trophic traits. Using the midpoint between the means for males and females of each species, he found ratios that tended significantly towards equality, except for one species pair in each guild that showed considerable morphological overlap but differed in some other way (such as habitat or coat characteristics), but he did not calculate the null probability that, for every assemblage, at least one characteristic differs between each pair of species. Many other authors have 'explained' size similarities between particular pairs of species in a sequence of otherwise remarkably equal size ratios by recourse to ad hoc hypotheses that other differences, such as in habitat or activity time, permit coexistence (Simberloff & Boecklen, 1981) .
For the Pine Marten Martes martes and Stone Marten Martes foina in Europe, Reig (1992) analysed variation in 23 cranial and dental traits and found a north-south cline of increasing skull size for the former species and an analogous west-east cline for the latter species. Treating the two sexes separately, he detected no character displacement in areas of sympatry, despite having studied traits related to feeding (such as length of certain teeth).
The characters chosen by Kiltie (1984 Kiltie ( , 1988 , Ralls & Harvey (1985) , Holmes (1987) , and Reig (1992) were generally related to feeding behaviour but not primarily to the killing behaviour of these carnivores. However, if interspecific competition for food determines local community membership, the organ that procures the food from the environment is most likely to reflect resource partitioning, rather than organs that subsequently process the food once it is procured. Therefore, Dayan et al. (1989a Dayan et al. ( , 1990 , in their study of morphological relationships among Israeli carnivores, measured the trophic apparatus directly related to killing behaviour -their canine teeth. They studied mustelid and felid guilds, measuring the maximum diameter of their upper canines. Mustelids and small felids kill their mammalian prey by inserting an upper canine between two cervical vertebrae, dislocating them and severing the spinal chord (references in Dayan et al., 1989a Dayan et al., , 1990 . Thus the maximum diameter of the upper canine may well be selected to fit the size of the vertebrae most frequently encountered. If resource partitioning through taking different prey size does indeed occur, one would expect it to be reflected in canine diameters. Such a highly significant pattern of equal size ratios was indeed found for the mustelid and small felid guilds of Israel (Dayan et al., 1989a (Dayan et al., , 1990 for maximum canine diameters, but not for other teeth or for skull length.
Using upper canine diameter as a trophic character, Dayan & Simberloff (1994b) also found ecological character displacement and community-wide character displacement among the mustelids of the British Isles (excluding the European Badger, which eats mainly earthworms there). Similar patterns were also found for the small felids of the Sind Desert (Dayan et al., 1990) . When Dayan et al. (1989a) reanalysed North American weasels using this trophic measure, they found patterns suggesting a coevolutionary morphological response also among these species, confirming the original view of McNab (1971) and stressing the importance of choosing the proper trophic trait in studies of character displacement. Dayan et al. (1989a Dayan et al. ( , 1990 ) treated the sexually dimorphic species in their carnivore guilds in a different manner from previous authors. They viewed each sex as a separate morphospecies and analysed all morphospecies at once. The rationale was that each sex must be competing against its conspecific sex, as well as against both sexes of all other species. Thus Dayan et al. (1989a Dayan et al. ( , 1990 united the oft-cited hypothesis that sexual size dimorphism is a means for reducing competition between the sexes (e.g. Schoener, 1967; Shine, 1989) with the hypothesis of character displacement.
However, in their study of morphological relationships among Middle Eastern canids, Dayan et al. (1989b Dayan et al. ( , 1992 used the means of mixed sex populations. This is due to the relatively low sexual size dimorphism in canids, whatever the reason may be, as compared with mustelids and felids. Dayan et al. (1992) cite Kleiman's (1977) conclusion that this difference may be related to the fact that monogamy and paternal care typify canids but are extremely rare in the other families. This hypothesis accorded well with Ralls's (1977) finding that monogamous mammals typically have little sexual size dimorphism while extremely polygynous species tend to be very dimorphic; she interpreted this fact as reflecting the operation of sexual selection in favour of enhanced sexual dimorphism. A recent reconsideration of patterns of sexual size dimorphism in several carnivore families (Gittleman & Van Valkenburgh, 1997 ) confirms Kleiman's (1977) finding. However, sexual selection is not the only possible explanation for enhanced sexual dimorphism. For example, among mustelids, very dimorphic species tend to be highly carnivorous, while less dimorphic species are either omnivorous or tend to eat smaller prey (Moors, 1980) . Kleiman & Eisenberg (1973) argue that the fact that canids are omnivorous facilitates pair-bonding, which, as noted above, is correlated with low dimorphism (Ralls, 1977) , so it may well be difficult to use literature data to distinguish among the various explanations for high sexual dimorphism.
Differences in killing behaviour between the canids and the mustelids/viverrids and felids led Dayan et al. (1989b Dayan et al. ( , 1992 to suggest that differences in canine size may be less significant as a means of niche-partitioning in canids than in mustelids and felids, so selection on differences in canine size might be correspondingly less intense. They felt that canid cranial morphology and anecdotal observations of killing behaviour imply a more important role for the carnassials in canids than in mustelids and felids. Analysing mixed sex samples, Dayan et al. (1989b Dayan et al. ( , 1992 found morphological patterns suggestive of character displacement in all three characters studied: the length (cutting edge) of the upper carnassial teeth, skull lengths, and canine diameters of some Middle Eastern canids. In Middle Palaeolithic samples where only the carnassial teeth of the three larger species could be measured, a regular pattern of equal size ratios obtained (Dayan et al., 1992) , and a similar pattern was suggested by Dayan, Simberloff & Tchernov (1993) for the large canids of the La Brea tar pits (Dire Wolves Canis dirus, Gray Wolves C. lupus and Coyotes C. latrans) using time-averaged data from Nowak (1979) .
Other fossil carnivores support this sort of pattern. Werdelin (1996) found equal size ratios among carnassial teeth but not lower third premolars of late Miocene and early Pliocene 'dog-like' hyaenids similar to those found in canids of the Recent (Dayan et al., 1989b (Dayan et al., , 1992 .
By contrast, Van Valkenburgh & Wayne (1994) studied three partially sympatric African jackal species and, measuring 62 cranial, dental, and mandibular traits, found no evidence for character displacement, decreased sexual dimorphism, or reduced variation in sympatry. For the Blackbacked Jackal Canis mesomelas, they found evidence of character displacement increasing its differences from both other species, in the form of increased adaptations for carnivory. For this species, they also found reduced sexual dimorphism and reduced morphological variation.
Morphological relationships among carnivorous marsupials have been addressed as well. Much has been written about the perceived convergence of marsupial and placental mammals (e.g. Begon, Harper, & Townsend, 1990) . Jones (1997) studied morphological relationships among members of a guild of four carnivorous marsupials in Tasmania, and morphological variation in the same species outside of Tasmania, within three different two-species assemblages. She viewed males and females as separate morphospecies and studied four trophic characters that relate to killing and feeding behaviour, and skull length as a measure of body size. She found significantly equal ratios for some of the Barton-David statistics for skull length for some species and, for the two smallest species alone, for three of the four trophic characters. These included canine strength, which she construed as the most important trophic character involved in prey capture. This research was more comprehensive than its predecessors, in that it included a study of prey size of the different morphospecies. She found equal prey-size ratios for the extant carnivores in Tasmania, matching the morphological patterns and offering compelling evidence for the theory of resource partitioning through the taking of different sized prey.
Trophic apparatus of other taxa have also been studied. Dayan & Simberloff (1994a) studied morphological relationships among coexisting heteromyid rodents from two North American deserts, using sexually mixed samples because dimorphism was not pronounced. As limb morphology affects foraging behaviour, species were divided into bipedal and quadrupedal guilds. The only trait for which interspecific size ratios tended significantly toward equality was the width (cutting edge) of the upper incisor. Size ratios for pouch volume tended toward a similar pattern, where data were available (Dayan & Simberloff, 1994a) . Other traits, including cranial traits and various molar measurements, showed no equal ratios. Incisors of heteromyids are used for husking seeds, some of which occurs above-ground where risk of predation is high. Therefore, husking speed may be critical. For each species there may be an optimal size for a seed that is too large to be pouched unhusked but that can be husked efficiently enough to outweigh the added predation risk incurred by husking, and this seed size class may be the object of evolutionary specialization (Dayan & Simberloff, 1994a) .
Old World gerbils are seed-eating desert rodents often considered convergent with New World heteromyids (Abramsky, Brand, & Rosenzweig, 1985) . Yom-Tov (1991) studied morphological relationships among Israeli gerbils using the length of the upper toothrow as a trophic character. He found a pattern that tended toward equality for this measure. Incisor widths of these species show an even clearer pattern (Rachmut-Ben Moshe & that does indeed appear to converge toward that found in the New World heteromyids.
In brief, character displacement has been found in the great majority of studies using teeth related to food procurement as the size trait (Table 1) . Often the same species fail to show character displacement for cranial or other non-dental traits.
At least for carnivores, an alternative hypothesis for the greater degree of size-ratio equality in teeth than in cranial traits could be the use, in some species, of the upper canines in threat displays, including those that may generate sexual selection (Dayan et al., 1989a (Dayan et al., , 1990 . Whitehead & Walde (1993) view this hypothesis as more likely than one of resource partitioning for felids and mustelids. However, several observations argue against this contention . First, upper canine displays are not nearly as prominent among mustelids as among felids; for some mustelids, they are unknown (references in . Second, the order of the morphospecies among the felids studied by Dayan et al. (1990) is not simply male-femalemale-female, etc.; rather, the male caracal and jungle cat are more similar in size to one another than either is to its female. Thus, it would be a remarkable coincidence if the display function of upper canines selected for a degree of sexual dimorphism in the wildcat that was virtually identical to the degree of difference between the males of the two larger species, the females of the two larger species, and the male wildcat and the female jungle cat. Finally, the incisors of the heteromyids are not known to serve a display function, yet show an identical pattern of equal size ratios (Dayan & Simberloff, 1994a) .
CHARACTER RELEASE AND ISLAND PATTERNS OF MAMMALS
The striking morphologies of island mammals have long attracted attention (Darwin, 1859; Wallace, 1880; Carlquist, 1974) . Such remarkable island dwarfs as the elephants of Mediterranean islands (Sondaar, 1977) and mammoths of the Channel Islands of California (Cushing et al., 1984; Roth, 1990) have long fired the imagination of biologists and inspired numerous searches for explanations. Similarly, although cases of island gigantism are perhaps not as dramatic as those of dwarfism, they are none the less common and discussed by biologists. For example, many rodents have greatly enlarged island races; House Mice Mus musculus from Nolso in the Faeroe Islands were described by Clarke (1904 , in Berry, 1970 as 'veritable giants', while Long-tailed Field Mice (Wood Mice) Apodemus sylvaticus of St Kilda are twice the size of those on the adjacent British mainland (Berry & Tricker, 1969) . Foster (1963 Foster ( , 1964 proposed a general pattern for sizes of island mammals, termed the 'island rule' by Van Valen (1973) . The rule is that island rodents and perhaps marsupials tend towards gigantism, while carnivores, lagomorphs, and artiodactyls tend towards dwarfism, and insectivores show neither tendency. Van Valen (1973) and Heaney (1978) expanded this rule to be the generalization that small species get larger on islands and large species get smaller. Although noting some exceptions to the rule, Case (1978) and Lomolino (1985) both confirmed the general tendencies and sought reasons. Among proposed general explanations are those listed below.
1 Decreased predation on islands (Van Valen, 1973; Heaney, 1978) . Small mammals, which escape into refuges, should thus evolve to be larger, while large mammals, which outrun or confront predators, should decrease in size.
2 The smaller a species is, the more likely it is to undergo competitive release on an island, and thus to increase in size. By contrast, the larger a species is, the more likely it is to suffer resource limitation on an island, and thus to undergo selection for a smaller size (Lomolino, 1985) .
3 Food limitation in a spatially limited system should generate selection on large mammals to decrease in size so as to use less food (MacArthur & Wilson, 1967; Kurten, 1972; Sondaar, 1977; Heaney, 1978) .
4 Reduced interspecific competition and predation on small islands (perhaps compounded by frustration of dispersal) leads to higher densities, therefore selection for decreased juvenile survivorship plus longer lives and smaller litters for adults. These selective regimes, for the most part consistent with 'K-selection', in turn generate larger body size (Melton, 1982; Libois, Fons, & Bordenave, 1993) .
5 Restricted dispersal on islands leads to higher population densities, thus to a decrease in body size (Wasserzug et al., 1979) 6 The reduced number of competing species on islands should lead to an increase in the amount of available food. This increase, in turn, should lead to larger body size in territorial species, because the additional food will not all be consumed by a proportionally denser population. Nonterritorial species should not increase in size on islands (Case, 1978) .
7 Small mammals that specialize on diets of a particulate nature, especially seeds, decrease in size on islands, while dietary generalists that feed primarily on vegetation increase; both trends reflect resource availabilities on islands in relation to mainland (Lawlor, 1982) .
8 Especially in small species that are not very vagile, larger individuals are more likely to survive attempts to immigrate to islands (Lomolino, 1985) .
9 Islands distant from the mainland should have more severe climates, which should select for larger size (Foster, 1965) in accord with Bergmann's rule (Bergmann, 1847) . 10 Islands with less temperature variation than the mainland should be more productive, therefore should also select for larger body size (Case, 1978) .
To an extent, all the above statements caricature more complex arguments. Some authors see several of these forces as acting simultaneously, as can be seen by the fact that they are cited for several of the hypotheses. Often, authors buttress their views with data from particular taxa, and occasionally they address apparent exceptions to these hypotheses. Case (1978) , for example, notes that foxes are an apparent exception to several of the above predictions and argues that they tend to become smaller on islands because many small species that compete with them on the mainland are missing. It is clear that many authors saw key roles in the evolution of body size on islands for both decreased numbers of competing species and more limited resources, although other factors, such as decreased predation, may enter into consideration. Character release in the absence of competition is just a special case of the general hypothesis that body size on islands will change in response to different resource availability. In light of the key role that resource availability is believed to play in the evolution of body size on islands, it is unsurprising that much attention should have focused on what the optimal body size for a mammal should be in purely physiological terms, and how this optimum might differ between islands and mainland. Indeed, Case (1978) explained his version of the island rule in terms of models of what body size would optimize the ability of individuals to garner energy from the environment. Heaney (1978) also saw physiological efficiency as a key selective force acting on island body size but felt that the interaction of insularity with the many ways in which body size affects physiological function (e.g. Peters, 1983; Calder, 1984) was too complex to generate clearcut predictions or rationalizations of perceived patterns.
More recently, on physiological grounds, Damuth (1993) claims that among mammals it is at a medium size (about 1 kg) that species control most energy in most dietary groups, and argues that this is consistent with suggested physiological and reproductive advantages of intermediate body size in mammals. He adds that the scarcity of competitors and predators on islands means that mammalian body size may be less constrained by interspecific interactions and is therefore able to approach this physiological optimum -thus the 'rule' outlined above: small species get larger and large species get smaller. Brown (1995) also predicts an optimal mammal body size, on energetic and physiological grounds, but he suggests that size is about 100 g rather than 1 kg. He cites two lines of evidence. First, in terms of which species are dwarfed and which increase in size in accord with the island rule, the critical value appears to be about 100 g in the plots of Lomolino (1985) . Second, on islands that are so small that only one mammal species is present, it tends to weigh about 100 g. Thus, Damuth and Brown, though disagreeing about what the optimum mammal size is, agree that the operation of the island rule should indicate this size and that, when more than one species is present on an island, their interactions should be reflected in the evolution of their sizes. The studies of Steven (1953) on island populations of Bank Voles Clethrionomys glareolus in Great Britain support the contention that there is some physiologically optimum size. Bank Voles of Skomer, Mull, and Raasay are all much larger than those of mainland Britain as well as of Ramsey Island. The three giant island races are likely to have been separated a few thousand years ago (Steven, 1953; Corbet & Harris, 1991) , and they differ genetically from one another and from mainland populations in many traits, yet their sizes (head plus body length) are indistinguishable.
The general idea is that a decrease in competition should select for larger body size, while a decrease in available food should select for smaller size. The sizes of the species that reach the island and the species that do not are not, by themselves, the critical factor in some interpretations of the island rule (e.g. Case, 1978; Lomolino, 1985) , so one would not automatically predict character release, i.e. that an island species' size would evolve in the direction of that of a 'missing' mainland competitor [but see Case's (1978) explanation for dwarf island foxes above].
Usually, advocates of a role for reduced interspecific competition in the operation of the island rule do not specifically point to the absence of larger species on islands as a reason that some small species has increased its size relative to that on the mainland, or to the absence of a smaller species on islands as an explanation for a specific example of island dwarfing. Thus, they do not hypothesize character release. Rather, they note simply a reduced number of potentially competing species without pointing to the possible importance of the sizes of the species missing or present (e.g. Lawlor, 1982; Angerbjorn, 1985) . Occasionally, as in discussions by Case (1978) of the different sizes of subspecies of Apodemus sylvaticus on islands off Scotland and England, there is explicit rejection of the hypothesis that presence or absence of particular other species has selected for a particular size change. Certainly some famous cases of island dwarfs [such as the elephants of Mediterranean islands (Sondaar, 1977) and the hippopotamus of Cyprus (Simmons, 1988) ] and giants [such as Grizzly Bears Ursus arctos on the islands off Alaska and British Columbia (Heaney, 1978) ] cannot be interpreted as character release in response to the absence of a mainland competitor.
Nevertheless, size patterns of some island mammals seem remarkably consistent with an hypothesis of character release. For example, Malmquist (1985) examined the Pygmy Shrew Sorex minutus and its larger congener, the Common Shrew Sorex araneus, in sympatry on the Swedish and Scottish mainlands and the Orkney islands and in allopatry on several islands. Using eight cranial measures relating to jaw size, on sexually mixed samples, he found that the size of the Pygmy Shrew increased, relative to the mainland, on all islands that lack the Common Shrew (Gotland, Ireland and the Outer Hebrides). Because the Pygmy Shrew on the Orkney islands did not increase, this phenomenon is not simply an island effect, but rather appears to be a response to the absence of the potential competitor, i.e. character release. On one small island with the Common Shrew but not the Pygmy Shrew, however, the former species did not decrease. This fact need not mean that predicted character release failed to occur. For example, the Common Shrew is far smaller than either of the posited optimal body sizes (Damuth, 1993; Brown, 1995) for isolated mammals.
In the Channel Islands, the Lesser White-toothed Shrew Crocidura suaveolens is smaller on Jersey, where it coexists with the larger Common Shrew, than on Sark, where it is the only shrew (Delany & Healy, 1966) , a pattern that is also consistent with character release (Blondel, 1995) . Similarly, Angerbjorn (1985) found the Yellow-necked Mouse Apodemus flavicollis to be larger on Gotland, where the only sympatric rodent is the smaller Long-tailed Field Mouse A. sylvaticus, than on Oland, where it coexists with two voles (Microtus agrestis and Clethrionomys glareolus) that are approximately its size or larger (e.g. in head plus body length), in addition to A. sylvaticus. Although Angerbjorn did not specifically suggest character release as the explanation, he noted that the absence on Gotland of the two voles should permit A. flavicollis to use a greater range of food sizes and types. Dayan & Simberloff (1994b) found that both sexes of the Stoat on Ireland, where the Least Weasel is absent, are smaller than on Great Britain, where the smaller Least Weasel is present. These differences would have been predicted under a hypothesis of character release. A similar though less striking decrease in size occurs in the Pine Marten; this change is consistent with character release in the absence of the smaller Polecat. Jones (1997) , in her study of Australian dasyurid carnivores, confronted the unusual situation of an island (Tasmania) with more extant species than the adjacent mainland (south-east Australia). Until recently, the smallest species on both island and mainland was the Eastern Quoll Dasyurus viverrinus, while both sites also contained the southern subspecies of the Spotted Quoll D. maculatus maculatus. The larger Tasmanian Devil Sarcophilus harrisii remains on Tasmania but disappeared from south-eastern Australia about 5000 years ago. Jones reasoned that the mainland quolls have had sufficient time to evolve in response to the absence of the devil. Around 1964, the Eastern Quoll disappeared from the mainland, but all three species persist on Tasmania. For the trait she considered most significant in partitioning (canine strength), and with each sex considered a separate morphospecies, Jones found that both sexes of the Spotted Quoll had indeed increased in size on the mainland relative to Tasmania, in accord with the hypothesis of competitive character release from the larger Tasmanian Devil. However, both sexes of the smaller Eastern Quoll became smaller on the mainland, a result that seems inexplicable in terms of competitive release.
Character release need not be restricted to islands, although the majority of the literature on the phenomenon in mammals, as in other taxa, deals with insular populations. Dayan et al. (1992) point to the enormous size of North African Golden Jackals Canis aureus, in skull length as well as dental traits, relative to conspecific populations in Israel as a possible case of character release in the absence of the Grey Wolf C. lupus, which inhabits Israel but is unknown both presently and from fossils in North Africa.
Character release is not the only reasonable expectation for size change in the absence of a competitor. At least two other phenomena may be sought, neither of them necessarily mutually exclusive of character release. The niche-variation hypothesis (Van Valen, 1965; Grant, 1967) suggests that morphological variation should increase when a competitor is absent, because phenotypes that had been selected against because of competition will no longer be disfavoured. Few studies directly test this hypothesis. Malmquist (1985) , in the work on shrews just cited, did not find coefficients of variation in allopatric island populations to exceed those in sympatric island and mainland populations. On the other hand, Dayan & Simberloff (1994b) generally found the coefficients of variation for the Irish populations of the mustelid morphospecies discussed above to exceed those for populations on Great Britain, as predicted by the niche variation hypothesis.
A second, non-exclusive, alternative to character release in the absence of a former competitor is increased sexual dimorphism. If, as argued above, individuals of each sex compete with conspecific individuals of the other sex when resources are limiting, just as they do with individuals of other species, then there should be selective pressure to increase sexual dimorphism (thereby lessening intraspecific competition) when interspecific competition decreases in the absence of a previous competitor. For the Pine Marten and especially the Stoat, Dayan & Simberloff (1994b) found substantially greater sexual dimorphism in Ireland than in Great Britain. For each species, the main size change in Ireland was a decrease in female size (relative to that in Great Britain), as if the female were evolving to 'replace' the male of the next smaller missing species -the Least Weasel for the Stoat, the Polecat for the Pine Marten.
The Stoat not only reached Ireland from Great Britain but was introduced to New Zealand (King & Moody, 1982; King, 1990) from Great Britain. It shows several changes from ancestral stock in both locations, although the changes are very different (Table 2 ). In size, the Irish Stoats of both sexes are smaller than the British ones for head plus body length, body weight, and condylobasal skull length, while the New Zealand Stoats are quite similar in all dimensions to those in Britain. And sexual dimorphism is also similar in all three traits between Great Britain and New Zealand, while, as just noted, it is increased in Ireland. Part of the difference may relate to the fact that the Stoat first arrived in New Zealand in 1884 (King, 1990) , whereas it probably reached Ireland about 8000 BP (Yalden, 1982) . However, rapid evolution of geographical variation in the Stoat in New Zealand (almost as great as in all of Europe; King, 1990) suggests that recency of colonization is not limiting morphological adaptation to local conditions. It may be important that, whereas the Least Weasel and the Polecat are absent from Ireland, the Least Weasel and the Ferret Mustela furo were introduced to New Zealand about the same time as the Stoat was; the Least Weasel is very rare there, however, while the Ferret is common (King, 1990) . If the decrease in size and increase in sexual dimorphism in Ireland result from the absence of the Least Weasel and the Polecat, then one might not have predicted such changes in New Zealand.
Various of these island patterns -size change (ecological release), increased variation, and increased sexual dimorphism -can occur independently of a possible relaxation of competition from a similar missing species, a fact that suggests caution in interpreting as character release those cases where there is a missing species that may have been a competitor but in which there is no direct evidence of competition as a selective force. Further, unless there is direct evidence of who is competing with whom, it may often be possible to speculate about scenarios of competitive character release even though other hypotheses are probably more cogent.
For example, both sexes of the Long-tailed Field Mouse, Apodemus sylvaticus, are larger on the islands of Tresco and St Mary's in the Scilly Isles than on the adjacent mainland in Cornwall (Delany & Healy, 1967) , and both sexes of A. sylvaticus are also larger, and sexual dimorphism is greater, for the populations on Fair Isle and St Kilda than on the mainland (references in Delany & Healy, 1967) . However, it is difficult to interpret these patterns as a response to release from competition with the larger A. flavicollis, as the latter species, although not found on any of these islands, is also absent from the mainland adjacent to them. This is not simply a situation in which there is character displacement in the areas in which the two species are sympatric (eastern and central parts of southern England), with gene flow from sympatric to allopatric mainland populations of A. sylvaticus. In fact, size variation is very slight in British mainland A. sylvaticus, and there is no tendency for populations sympatric with the congener to be smaller than the others (Delany & Whittaker, 1969; Delany, 1970) . The voles Microtus agrestis and Clethrionomys glareolus are found on the adjacent mainland and are absent from the islands, and one might imagine that competition with one or both species might affect A. sylvaticus. There is some field evidence in other regions for competition between A. sylvaticus and C. glareolus (references in Angerbjorn, 1986) .
Similarly, A. sylvaticus is larger on all the Channel Isles than on the adjacent mainland of France (Delany, 1970) , and two of these populations examined for sexual dimorphism (on Sark and Alderney) are more dimorphic in both non-metrical cranial traits and size than mainland populations (Hedges, 1969) . However, A. flavicollis is again absent from the adjacent mainland. Within the Channel Isles, A. sylvaticus is larger on Alderney, Sark, and Herm than on Jersey and Guernsey. One might be tempted to conclude that character release is operating, as only the latter two islands Table 2 . Stoat size and sexual dimorphism (SSD) in Great Britain, Ireland, and New Zealand. a, Corbet & Harris, 1991; b, Sleeman (1989); c, King & Moody, 1982; d, Dayan & Simberloff, 1994b; e, King (1991) ; f, King, 1990 have voles (Clethrionomys glareolus on Jersey and Microtus arvalis on Guernsey), but these are also the only islands with Stoats, so that escape from predation is an alternative hypothesis for the larger sizes on the other three islands (Delany & Healy, 1967) . Berry (1973) even suggests that both Crocidura suaveolens and C. russula may compete with A. sylvaticus in both the Scilly Isles and the Channel Isles. If this were so, the large size of A. sylvaticus on these islands relative to their adjacent mainlands could be at least partly explained as character displacement in response to these smaller white-toothed shrews. Among the Scilly Isles inhabited by C. suaveolens are St Mary's and Tresco. This species is absent from the British mainland. Similarly, it is absent from northern France, yet present on Jersey and Sark in the Channel Isles (Bishop & Delany, 1963; Delany & Healy, 1966) . However, the white-toothed shrew present on the other main Channel Isles is C. russula, which is found in northern France, though not on mainland Great Britain (Bishop & Delany, 1963; Delany & Healy, 1966) . Thus the large size of A. sylvaticus on Guernsey and Alderney relative to nearby France cannot be attributed to character displacement in response to white-toothed shrews.
It is apparent from these examples of dealing with rodents on islands near Great Britain that one can rationalize, post facto, many size patterns by considering which combinations of species are present where. Various scenarios entailing competition and release from competition are more or less cogent based on autecological and occasional synecological research, and certain suggestions [e.g. that competition between A. sylvaticus and A. flavicollis is likely (Angerbjorn, 1986) ] seem a priori more convincing than others [e.g. that white-toothed shrews may compete with A. sylvaticus (Berry, 1973) ].
Finally, one cannot automatically discount the possibility of founder effect in generating unusual size of an island mammal. General explanation 8 for the island rule, cited above, is just such an hypothesis: individuals that survive dispersal to islands tend to be among the larger individuals in their mainland populations (Lomolino, 1985) . This explanation for island gigantism is, interestingly, exactly opposite to the suggestion of Carlquist (1974) that island dwarfism may be partially explained by the fact that smaller individuals are better dispersers! Perhaps this apparent conflict can be resolved by direct research on relative dispersal tendencies and abilities of different-sized individuals of various species. There is a dearth of such research, but it is entirely possible that, for some species, larger individuals are more likely to get to islands, while, for other species, the opposite tendency holds.
In either case, for the founder effect to explain dwarfism or gigantism, initial genetic differences between the founders and the other individuals in their original mainland populations would have to be propagated for long periods of time, perhaps in the face of countervailing selective pressures, which might include those leading toward character release. This hypothesis cannot be automatically discounted without direct evidence on origin and time of a founding population, island selective pressures, and the like, but it seems at best an hypothesis of last resort. Evolution of island size patterns can be remarkably quick. For example, the Red Deer Cervus elaphus of Jersey decreased to one sixth its original body weight in just 6000 years, about 120 000 years ago, after its mainland progenitors had undergone at most minor size changes for 400 000 years (Lister, 1989) . This change probably resulted from selection, perhaps in response to resource limitation and/or absence of predation (Lister, 1989) ; the herd did not survive reestablishment of a land link. Berry (1969 Berry ( , 1970 Berry ( , 1973 raises the possibility that a founder effect may account for at least some of the size characteristics of Apodemus sylvaticus on islands off Britain. An analysis of nonmetric cranial traits suggests that the Hebrides, St Kilda, and Fair Isle were colonized by small numbers of founders from Norway during Viking voyages less than 1200 years ago, rather than from mainland Britain. Berry (1970) specifically favours the resultant founder effect as an explanation for the giant A. sylvaticus of St. Kilda on the grounds that this is the most parsimonious hypothesis.
Further, in the Channel Isles, Berry (1973) finds that the smaller A sylvaticus, on Guernsey and Jersey, are similar to those of mainland Britain and probably survivors of the Pleistocene, while the larger mice of Alderney, Sark, and Herm probably arose from relatively recent recolonization by small groups of founders. However, there are really insufficient data to argue that natural selection could not have produced the large island races, and the interisland differences, in A. sylvaticus even in just a few centuries. Many examples are known of fast evolution of size on islands. For Mus musculus on Skokholm, body size increased by 15% in only 70 generations (Berry, 1964) , while the landbridge islands with the large Pygmy Shrews studied by Malmquist (1985) were separated from the mainland at most 9000 years BP (Taper & Case, 1992) . The Stoat arrived in Ireland from Great Britain about 8000 BP (Yalden, 1982) ; its small size is discussed above. Feral swine arrived on islands off the south-east coast of the United States less than 400 years ago and are already substantially smaller than mainland populations (Brisbin et al., 1977) . It is also important to verify that a change is, in fact, evolutionary and not simply a phenotypic response to changed environmental conditions. It has been demonstrated, for example, that Stoats in New Zealand show substantial size change in response to annual changes in food availability (Powell & King, 1997) .
DISCUSSION
The quest for non-random morphological patterns is ongoing. These studies illuminate the interplay between ecology and evolution: ecological responses shape evolution while, simultaneously, evolutionary processes affect both autecology and synecology. Morphological patterns are consistent with widespread coevolution that may result from competitive interactions between guild members. Thus they suggest the role of competition in determining which species use which resources, and, indeed, which species can even coexist in an ecological community. On the other hand, these patterns provide insight into the effect of competitive interactions on morphological evolution. If dwarfs and giants have evolved as a result of competition or lack thereof, if the degree of competition affects morphological variability and sexual size dimorphism, and if competition directly affects some morphological characters but not others, then competitive interactions may have contributed significantly to the evolution of size and shape.
There is extensive research on the evolutionary impact of competition on size, although this research is not well-represented in the voluminous literature on the evolution of size and shape in mammals. In a largely separate literature, for two decades ecologists have contested the extent of interspecific competition and its role in structuring ecological communities. This debate was particularly heated during the 1980s (Lewin, 1983) . Reviews that deal with the status of studies of interspecific competition point out that, while many studies of invertebrates (notably those of phytophagous insects) fail to confirm the hypothesis of interspecific competition, many studies of vertebrates do suggest its operation. Therefore, vertebrates are the obvious choice for the study of the evolutionary implications of interspecific competition. The largest known extant vertebrates (and animals) are mammals, as are many of the most conspicuous ones. Moreover, mammals have determinate growth, which makes them attractive for morphometric studies. Many mammals have wide ranges that encompass varying climatic regimes, and they coexist in different places with different guild members. Therefore the study of mammals has contributed greatly to the study of morphological patterns in nature and will continue to do so in the future.
There has been much progress in research on morphological patterns in mammal communities in the past decade. The use of rigorous statistical methods and more careful consideration of guild assignments and of the choice of characters to study has yielded new evidence on the role of interspecific interactions in various guilds and in different geographical areas. However, many questions remain. 1 How common are these patterns of character displacement and character release? Are they the rule or the exception? Although there is currently renewed belief in their existence (e.g. Taper & Case, 1992) , this belief rests on a very small number of studies, most of them carried out on carnivores. Moreover, the bias towards publishing data that support rather than reject a hypothesis probably pervades this as it does other fields of study. 2 Where non-random patterns are found, it is generally unclear whether they result from species sorting or from microevolutionary change. Whatever the mechanism, the resultant pattern suggests the role of interspecific competition, but the results of competition may not necessarily be the same. Species sorting would attest to the role of competition in determining composition of ecological communities and in affecting biogeographical distributions. Grant (1970) has proposed a sorting process based on ecological roles as an explanation of island rodent communities, but no suggestive examples of species sorting based on size have been published for mammals. Microevolutionary change, which has been demonstrated in several studies, attests to the microevolutionary and perhaps macroevolutionary role of interspecific interactions. Both possibilities may have farreaching ecological and evolutionary implications, and it is important to test which mechanism is acting or whether both are. 3 Even where morphological patterns have been found, research and experimentation are still required to understand the mechanistic relationship between an organ of a certain size and the efficiency of food procurement. For example, to what extent do differences in tooth size of fractions of a millimetre really affect the abilities of different individuals to obtain different-sized food items, as suggested by Dayan et al. (1989a Dayan et al. ( , 1990 and Dayan & Simberloff (1994a,b) ? This line of research should give much insight into the degree of 'fine tuning' of selective forces. 4 If competitive interactions affect primarily organs related to food procurement, and if other characters are affected primarily by other functions and/or by autecological forces, then under different autecological and synecological pressures there should be differences in shape between populations that directly relate to these forces. This proposition has rarely if ever been tested, in mammals or in any animals. 5 The relationship between the shape of the resource spectrum (that is, the relative abundances of food items of different sizes) and resource partitioning among potential competitors feeding on this spectrum is far from clear. Although there is some evidence of food size partitioning either from direct studies (e.g. Jones, 1997) or from literature surveys (e.g. Dayan & Simberloff, 1994b) , the nature of this relationship has often been assumed rather than studied. However, even if this relationship is found, how does the shape of the prey spectrum affect morphological patterns in the predator community? What is the nature of the relationship between the abundances of predators of different sizes and the abundances of prey of different sizes? This question has rarely been broached. 6 Island mammals, in particular, remain a mystery. Patterns of body size of insular mammals have been ascribed to widely differing selective forces: climatic conditions, ecological character displacement, low and high resource availability, selection for better dispersers, selection for competitive ability, relaxation of selection by predation, and even selection towards a universal energetically ideal size. The possible effects of potentially conflicting selective pressures may confound a simple interpretation of size patterns of insular mammals. In fact, a conflict of expectations occurs even regarding the direction of selection induced by the very same phenomenon: high population densities have been envisioned as promoting decreased body size (Wasserzug et al., 1979) , but also as leading to a K-selection regime that generates increased body size (Melton, 1982) . 7 Many sweeping assertions have been made regarding the resource base and the competitors and predators on islands in general. Some are contradictory. For example, some researchers have argued that islands will have enhanced competition because of a decreased resource base, while others have argued that islands will have decreased competition because of the absence of some mainland competitors (references in Dayan & Simberloff, 1994b) . Also, a generally more equable climate of islands is often invoked as partial explanation for mammal sizes on islands (e.g. Case, 1978; Melton, 1982) without a direct quantification of equability or measurement to show if and how much island equability exceeds that of the mainland. These generalizations about islands have usually not been tested, and they are assumed to lead to different outcomes in different taxa (e.g. Lawlor, 1982 ). An empirical basis for the generalizations is badly needed. Without such a basis, it is difficult to know if the lack of consensus reflects lacunae in our knowledge of islands or simply real variation among islands.
Thus, despite decades of research into non-random morphological patterns and their causes, many of the most fundamental questions are still unresolved. Studies of mammals have a great potential for dealing with these key issues in ecology and evolution.
